Introduction
S100A3 is a member of the S100 protein family which constitutes a large subgroup of the EFhand family of Ca 2+ binding proteins. S100 proteins have a size of 10-12 kDa and form homoand heterodimers (1, 2) . Each subunit is composed of two helix-loop-helix (EF-hand) motifs connected by a hinge region. The C-terminal EF-hand contains the canonical Ca 2+ binding loop, common to all EF-hand proteins. The N-terminal EF-hand consists of 14 amino acids and is characteristic for the S100 proteins. Upon Ca 2+ binding the EF-hand Ca 2+ sensor proteins like calmodulin, troponin C, S100B and S100A6 undergo a conformational change.
Unlike ubiquitous calmodulin, the different members of the S100 family show cell-and tissue-specific expression and are involved in widely different processes such as cell cycle regulation, cell growth, cell differentiation, and mobility (3) . Intracellularly, the different S100 proteins interact with annexin, myosin, intermediate filaments, guanylate cyclase, and p53 (2) . Several S100 proteins are secreted to the extracellular space (4), where they act in a cytokine-like manner interacting with receptors, e.g. RAGE (5) . The genes encoding 14 from a total of 17 S100 proteins are localized in a cluster on human chromosome 1q21 (6) a region frequently rearranged in several tumor cell lines. Differential expression of S100 proteins has been observed in several tumors, like S100A1, S100A2, S100A3, S100A4, and S100A6 in breast cancer (7) (8) (9) (10) . S100A3 shows a remarkable narrow tissue-and cell-specific expression pattern. It is highly expressed in hair root cells and some astrocytoma (8, 11, 12) . Since both cell types are characterized by high proliferation rates S100A3 is supposed to be involved in cell cycle progression. Generally, the dimeric S100 proteins bind four Ca 2+ per dimer (K d = 20-500 µM). Besides Ca 2+ a number of S100 proteins bind Zn 2+ with a wide range of affinities (K d = 0.1-2000 µM) (3) . For S100B and S100A5 Cu 2+ binding was reported (K d = 0.4-5 µM) (13, 14) . The binding of Ca 2+ to S100B induces a reorientation of helix H III by over 90°
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Crystal Structure of human S100A3 5 exposed (15) which is essential for recognition and binding of the target molecule, e.g. the regulatory domain of p53 (16) .
Whereas the number of 3D structures of S100 proteins in complex with Ca 2+ is growing rapidly (15, (17) (18) (19) (20) (21) (22) (23) (24) (25) , only limited structural information is available for S100 proteins in the Ca 2+ -free conformation (18, 21, 26, 27) . The crystal structure of Ca 2+ -free S100A10, which is not able to bind Ca 2+ , revealed a conformation mimicking the Ca 2+ -loaded conformation (28) .
The high-resolution NMR structures of Ca 2+ -free Calbindin D 9K , S100A6, and S100B (21, 27, 29) provided already insights into the conformation of S100 proteins in the apo state.
Among the S100 proteins S100A3 is exceptional with regard to its high Cys content ( -S100A3-The metal-free structure of S100A3 determined in this study was used as a basis for modeling a Zn 2+ -S100A3 complex. Modeling was performed with the Insight II package (MSI) and DeepView (35) .
Circular Dichroism (CD) Spectroscopy-CD spectra of S100A3 were recorded with a Jasco-715 spectrometer using 1 mm quartz cuvettes in 10 mM Tris/HCl, pH 7.5.
Crystallization, Data collection-Crystallization and structure determination of S100A3 was The resolution was extended to 1.7 Å using synchrotron radiation at the ESRF beamline ID14-3 (Grenoble, France). The data were processed with DENZO and SCALEPACK (36) .
Structure Determination and Refinement-The structure was determined by multiple isomorphous replacement using xenon and iodide as heavy atom derivatives. The calculation of phases and initial model building was performed using ARP/wARP 5.1 (37) Crystal Structure of human S100A3
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Results and discussion
Overall structure-The crystal structure of human S100A3 was determined by the multiple anomalous dispersion method using xenon and iodide as heavy atom derivatives and was refined at 1.7 Å (Mittl et al., 2002, submitted to Acta Cryst. D.). There was one homodimer in the asymmetric unit, consistent with the fact that S100A3 forms a homodimer in solution. Structural alignment of C-terminal EF-hand of Ca 2+ -free S100A3 with the corresponding EF-hand of Ca 2+ -free S100B revealed that the loop in S100A3 is apparently stretched (Figure 4 A) . Also the distance between helix H III and helix H IV in Ca 2+ -free S100A3 is larger than in Ca 2+ -free S100B (Figure 4 A). We found that the distances of the Cα and side chain atoms of the Ca 2+ -coordinating residues Asp 63 , Asn 65 , Asp 67 , and Asp 71 to helix H IV are 4-7 Å larger in S100A3 than the corresponding distances in Ca 2+ -free S100B (Figure and S100B revealed a high degree of mobility and flexibility in the Ca 2+ binding loops (46, 47) . From these data we expected that the Ca 2+ -free EF-hand loops would appear disordered in the crystal structure of S100A3. Surprisingly, both Ca 2+ -free EF-hand loops of S100A3 are well ordered in the crystal structure as shown by the low temperature factors, which not exceed the average temperature factor of the entire protein. These data indicate that the empty EF-hands are locked in a stable conformation. Ca 2+ binding to S100A3 requires that this presumable stable conformation of the Ca 2+ -free EF-hand has to be broken, a step that would be associated with high expenses of energy. We assume that such energy costs result in the observed low Ca 2+ affinity of S100A3.
In order to examine the properties of the Ca 2+ -loaded S100A3, different homology models were built using the structures of Ca 2+ -loaded S100A6, S100B, S100A7, S100A8, S100A11 and S100A12 as templates (7, 15, 20, 22, 24, 25) . The raw models were checked for unfavourable contacts or clashes between the residues. In all modelled structures of S100A3 Tyr 54 located on helix H III was colliding with other residues in its proximity, making the movement of helix H III less favourable. A multiple sequence alignment revealed that the corresponding position of Tyr 54 in other S100 proteins is occupied by less bulky, hydrophobic residues, such as leucine, isoleucine or valine ( Figure 3 fluorescence spectroscopy. As a control the same experiments were performed using human S100B and S100A6. However, no Zn 2+ binding was observed to these two S100 proteins.
Thus it is likely that S100A3 is Zn 2+ -loaded in the cell, whereas S100A6 and S100B are not able to bind Zn 2+ in the cytoplasm. Since the changes in free intracellular free Zn 2+ concentration depend on the redox state and cell cycle phase it is proposed that Zn 2+ might regulate the activity of S100A3.
Model of Zn

2+
-loaded S100A3-Although several S100 proteins bind Zn 2+ , only the structure of Ca 2+ /Zn 2+ -loaded S100A7 is available so far (51) . The overall fold of Ca 2+ -loaded S100A7 changes only little upon binding of the additional Zn 2+ . Two Zn 2+ ions are bound at the interface of the homodimer and are coordinated by two His residues provided by one subunit and a third His and an Asp by the other subunit. The sequence homologies of S100A7 with other S100 proteins suggest that Zn 2+ could bind to homologous sites in S100A9 and S100A12, but not in S100A3 or other S100 proteins. Spectroscopic investigations have shown that there are two Zn 2+ ions bound per S100A3 subunit (31) . One Zn 2+ is coordinated by four sulfur ligands provided by cysteines, whereas the second Zn 2+ is bound by three sulfur and .
Zn
2+
-dependent conformational change-In order to test whether there is a Zn 2+ -dependent conformational change of S100A3 as predicted by the model of the Zn 2+ -loaded protein, CD spectra of S100A3 in the metal-free and metal-bound state were recorded. The CD spectrum of metal-free S100A3 is very similar to those of metal-free S100B or S100A6, as expected from the known structures. Upon addition of Zn 2+ there was a significant change in the CD spectrum of S100A3 consistent with a reduction in α -helical content (Figure 8 ). Model of the Zn 2+ binding site at the C-terminus of the S100A3 subunit. The crystal structure of metal-free S100A3 dimer is shown in blue and red. The crystal structure is aligned with the model for partial Zn 2+ -loaded S100A3. Coordinating residues and residues of the hydrophobic environment are shown ball-and-stick. In the model structure carbon atoms are shown in gray, nitrogen atoms in blue, sulfur atoms in yellow and the Zn 2+ ion in green. 
